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IMAGE FORMING APPARATUS, MOTOR
CONTROL APPARATUS, AND METHOD OF
CONTROLLING MOTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. §119(a) to Korean Patent Application No. 10-2013-
0119844, filed on Oct. 8, 2013, in the Korean Intellectual

Property Oflice, the disclosure of which 1s incorporated
herein 1n 1ts entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present general inventive concept relates to an 1image
forming apparatus, a motor control apparatus, and a method
of controlling a motor, and more particularly to an 1mage
forming apparatus, a motor control apparatus, and a method
of controlling a motor 1n which a back electromotive force
(EMEF) of a direct current (DC) motor may be sensed using
a resistor that 1s connected 1n series to the DC motor, and in
which a voltage that 1s supplied to the DC motor may be

varied 1n accordance with a driving speed that corresponds
to the sensed back EMF

2. Description of the Related Art

An 1mage forming apparatus 1s an apparatus which per-
forms generation, printing, reception, and transmission of
image data. Representative examples thereof may include a
printer, a copy machine, a facsimile, and a multifunction
peripheral (MFP) 1n which the functions of the above-
described devices are combined.

In such an 1image forming apparatus, motors that perform
various functions, such as conveyance of print sheets and
feeding of print sheets, are used. More recently, with the
ability to attach optional units to an 1image forming apparatus
to perform various functions, such as, for example, an Auto
Document Feeder (ADF) unit, a finisher unit, a High Capac-
ity Feeder (HCF) unit, and a Double Capacity Feeder (DCF)
unit, the number of motors has increased to be useable 1n an
image forming apparatus.

Although various kinds of motors may be used 1n an
image forming apparatus, DC motors are most common. A
DC motor 1s a motor that uses direct current power. In order
to drive such a DC motor at a desired speed, it 1s necessary
to generate a voltage command value using speed informa-
tion acquired by a sensor that detects a rotating speed of the
DC motor, and a speed command value of a processor, and
to provide a pulse-width modulated (PWM) signal that
corresponds to the generated voltage command value to the
DC motor.

In order to make the DC motor follow the speed command
value, acquisition of the speed mformation from the sensor
1s required. Accordingly, a sensor that can sense the speed of
the DC motor 1s required to control the DC motor speed, and
a space to mount the sensor therein 1s also required.

SUMMARY OF THE INVENTION

The present general inventive concept addresses at least
the above problems and/or disadvantages and provides at
least the advantages described below. Accordingly, the pres-
ent general mventive concept provides an 1mage forming
apparatus, a motor control apparatus, and a method of
controlling a motor 1n which a back electromotive force
(EMF) of a DC motor may be sensed using a resistor that 1s
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2

connected 1n series to the DC motor, and 1n which a voltage
that 1s supplied to the DC motor may be varied 1n accordance

with a drniving speed that corresponds to the sensed back
EME.

Additional features and utilities of the present general
iventive concept will be set forth 1n part in the description
which follows and, 1n part, will be obvious from the descrip-
tion, or may be learned by practice of the general inventive
concept.

The foregoing and/or other features and utilities of the
present general i1nventive concept may be achieved by
providing an 1mage forming apparatus that includes an
engine portion configured to perform image forming, a
direct current (DC) motor configured to mechanically oper-
ate the engine portion, a driver including a resistor to
measure current that flows to the DC motor and configured
to provide a predetermined voltage to the DC motor accord-
ing to the measured current, and a drive controller config-
ured to measure a driving speed of the DC motor based on
a voltage value of the resistor and to control the driver to
provide a voltage that corresponds to the measured driving
speed to the dniver.

The drive controller may include a sensor configured to
sense the voltage value of the resistor, a calculator config-
ured to calculate the driving speed of the DC motor based on
the sensed voltage value, a determinator configured to
determine a level of the DC voltage to be supplied to the DC
motor based on the calculated driving speed, and an output-
ter configured to output a control value that corresponds to
the determined DC voltage level to the dniver.

The sensor may be configured to perform smoothing and
to sense the voltage value of the resistor.

The sensor may 1nclude a low pass filter connected to one
terminal of the resistor of the driver, and may be configured
to sense an output voltage of the low pass filter as the voltage
value of the resistor.

The calculator may be configured to calculate the driving
speed of the DC motor based on the sensed voltage value
and the voltage value that 1s applied to the DC motor.

The calculator may be configured to calculate a back EMF
of the DC motor based on a following equation, and to

calculate the drniving speed of the DC motor using the
calculated back EMF and a back EMF constant,

Vemf=Vin—{(Rm+Rs)/Rs | *Vsense

where, Vemi denotes the voltage value that corresponds to
the calculated driving speed, Vin denotes the voltage value
input to the DC motor, Vsense denotes the voltage value of
the resistor, Rm denotes the resistance value of the DC
motor, and Rs denotes the resistance value of the resistor.

The calculator may include an amplifier configured to
amplily the sensed voltage value, and to calculate the
driving speed of the DC motor based on the voltage value
that 1s amplified by the amplifier.

The determinator may be configured to determine a speed
error value based on the calculated drniving speed, and to
determine a pulse-width modulation (PWM) duty cycle that
corresponds to the level of the DC voltage to be supplied to
the DC motor based on the determined speed error value.

The determinator may be configured to compare the
calculated driving speed with a target dniving speed, and 1f
the calculated driving speed 1s higher than the target driving
speed, the determinator may be configured to output a
control signal to reduce a PWM duty cycle that corresponds
to the level of the DC voltage to be supplied to the DC
motor, while 11 the calculated driving speed 1s lower than the
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target driving speed, the determinator may be configured to
output a control signal to increase the PWM duty cycle.

The drive controller may be configured to sense whether
the DC motor 1s 1n an abnormal state based on the calculated
driving speed.

A plurality of DC motors and drivers may be provided,
and the drive controller may be configured to control each of
the plurality of drivers to measure a respective driving speed
of a corresponding one of the plurality of DC motors and to
provide a respective driving voltage to the corresponding
one of the plurality of DC motors that corresponds to the
respective driving speed.

The foregoing and/or other features and utilities of the
present inventive concept also provide a motor control
apparatus that includes a direct current (DC) motor, a driver
including a resistor configured to measure current that tlows
to the DC motor and configured to provide a predetermined
voltage to the DC motor, and a drive controller configured
to measure a driving speed of the DC motor based on a
voltage value of the resistor and to control the dniver to
provide a voltage that corresponds to the measured driving,
speed.

The drive controller may include a sensor configured to
sense the voltage value of the resistor, a calculator config-
ured to calculate the driving speed of the DC motor based on
the sensed voltage value, a determinator configured to
determine a level of the DC voltage to be supplied to the DC
motor based on the calculated driving speed, and an output-
ter configured to output a control value that corresponds to
the determined DC voltage level to the dniver.

The sensor may be configured to perform smoothing and
to sense the voltage value of the resistor.

The calculator may be configured to calculate a back EMF
of the DC motor based on the sensed voltage value and the
voltage value that 1s applied to the DC motor, and to
calculate the driving speed of the DC motor using the
calculated back EMF and a back EMF constant.

The determinator may be configured to determine a speed
error value based on the calculated driving speed, and to
determine a pulse-width modulation (PWM) duty cycle that
corresponds to the level of the DC voltage to be supplied to
the DC motor based on the determined speed error value.

The determinator may be configured to determine an
accumulated speed error value through accumulation of
speed error values, and to determine the PWM duty cycle
based on the determined accumulated speed error value.

The determinator may be configured to compare the
calculated driving speed with a target driving speed, and 1f
the calculated driving speed 1s higher than the target driving,
speed, the determinator may be configured to output a
control signal to reduce a PWM duty cycle that corresponds
to the level of the DC voltage to be supplied to the DC
motor, while 11 the calculated driving speed 1s lower than the
target driving speed, the determinator may be configured to
output a control signal to increase the PWM duty cycle.

The drive controller may be configured to sense whether
the DC motor 1s 1n an abnormal state based on the calculated
driving speed.

The foregoing and/or other features and utilities of the
present inventive concept also provide a method of control-
ling a direct current (DC) motor that imncludes receiving a
control command for the DC motor, and providing a pre-
determined voltage to the DC motor 1n accordance with the
control command, wherein the providing the predetermined
voltage includes measuring a driving speed of the DC motor
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4

based on current that flows to a coil of the DC motor, and
providing a voltage having a level that corresponds to the
measured driving speed.

The foregoing and/or other features and utilities of the
present 1nventive concept also provide a non-transitory
computer-readable recording medium containing instruc-
tions which, when executed by a controller, cause the
controller to recetve a control command for a direct current
(DC) motor, and to provide a predetermined voltage to the
DC motor 1n accordance with the control command, wherein
providing the predetermined voltage includes measuring a
driving speed of the DC motor based on current that tlows
to a coil of the DC motor, and providing a voltage having a
level that corresponds to the measured driving speed.

The foregoing and/or other features and utilities of the
present inventive concept also provide a method of deter-
mining an abnormal state of a direct current motor that
includes determining at a controller a back EMF of the DC
motor from a current that flows through a resistor connected
to the DC motor, 1f the determined back EMF 1s less than a
specific level, determining at the controller a period of time
at which the determined back EMF has been less than the
specific level and if the period of time 1s greater than a
specific period of time, determining at the controller at least
one of that a current does not tlow through the DC motor and
that the current that flows through the DC motor leaks.

The foregoing and/or other features and utilities of the
present inventive concept also provide a non-transitory
computer-readable recording medium containing instruc-
tions which, when executed by a controller, cause the
controller to determine a back EMF of the DC motor from
a current that flows through a resistor connected to the DC
motor, 1f the determined back EMF 1s less than a specific
level, to determine a period of time at which the determined
back EMF has been less than the specific level and if the
period of time 1s greater than a specific period of time, to
determine at least one of that a current does not flow through
the DC motor and that the current that flows through the DC
motor leaks.

The foregoing and/or other features and utilities of the
present inventive concept also provide a method of deter-
mining an abnormal state of a direct current motor that
includes determining at a controller a back EMF of the DC
motor from a current that flows through a resistor connected
to the DC motor if the determined back EMF is greater than
a specific level, determining at the controller a period of time
at which the determined back EMF has been greater than the
specific level, and i1 the period of time 1s greater than a
specific period of time, determining at the controller that the
DC motor 1s overloaded.

The foregoing and/or other features and utilities of the
present 1nventive concept also provide a non-transitory
computer-readable recording medium containing instruc-
tions which, when executed by a controller, cause the
controller to determine a back EMF of the DC motor {from
a current that flows through a resistor connected to the DC
motor, 11 the determined back EMF 1s greater than a specific
level, to determine a period of time at which the determined
back EMF has been greater than the specific level, and if the
period of time 1s greater than a specific period of time, to
determine that the DC motor 1s overloaded.

The foregoing and/or other features and utilities of the
present inventive concept also provide a method of deter-
mining an abnormal state of a direct current motor that
includes determining at a controller a pulse-width modula-
tion duty cycle from a current that flows through a resistor
connected to the DC motor, if the determined pulse-width
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modulation duty cycle 1s at 100 percent, determiming at the
controller a period of time at which the determined pulse-

width modulation duty cycle has been at 100 percent, and 11
the period of time 1s greater than a specific period of time,
determining at the controller that the DC motor has stalled.

The foregoing and/or other features and utilities of the
present inventive concept also provide a non-transitory
computer-readable recording medium containing instruc-
tions which, when executed by a controller, cause the
controller to determine a pulse-width modulation duty cycle
from a current that tlows through a resistor connected to the
DC motor, if the determined pulse-width modulation duty
cycle 1s at 100 percent, to determine a period of time at
which the determined pulse-width modulation duty cycle
has been at 100 percent, and 1f the period of time 1s greater

than a specific period of time, to determine that the DC
motor has stalled.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other features and utilities of the present
general 1inventive concept will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 1s a diagram illustrating a configuration of an
image forming apparatus according to an embodiment of the
present mventive concept;

FIG. 2 1s a diagram illustrating a configuration of an
example of a motor control apparatus illustrated in FIG. 1;

FI1G. 3 1s a diagram illustrating a detailed configuration of
an example of the motor control apparatus illustrated in FIG.
1,

FI1G. 4 1s a diagram 1illustrating a detailed configuration of
an example of a drive controller illustrated in FIG. 2;

FIGS. 5 and 6 are diagrams 1llustrating a detailed con-
figuration of an example of a driver 1llustrated 1n FIG. 2;

FIGS. 7 and 8 are graphs illustrating a relationship
between torque and rotations per minute (RPM) with respect
to mput current of a DC motor;

FIG. 9 1s a diagram 1illustrating a configuration of a motor
control apparatus according to a first embodiment of the
present mventive concept;

FIG. 10 1s a schematic diagram illustrating the motor
control apparatus according to the first embodiment of the
present mventive concept;

FIG. 11 1s a flowchart illustrating an example of an
operation ol a firmware unit illustrated 1 FIG. 9;

FIGS. 12A and 12B are graphs illustrating an example of
an operation of an amplifier illustrated in FIG. 9;

FIG. 13 1s a diagram illustrating a configuration of the
motor control apparatus according to a second embodiment
of the present inventive concept;

FIG. 14 1s a diagram 1llustrating an example of an
operation of the motor control apparatus according to the
second embodiment of the present inventive concept;

FIG. 15 1s a schematic diagram illustrating the motor
control apparatus according to the second embodiment of
the present imventive concept;

FIGS. 16 and 17 are graphs illustrating an example of a
method of determining an abnormal state of a DC motor;

FIG. 18 1s a graph illustrating a speed performance of the
DC motor for a load variation according to a control method
of the related art;

FIG. 19 1s a graph 1llustrating the speed performance of
the DC motor using a speed estimation method according to
an embodiment of the present iventive concept;
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FIG. 20 1s a diagram illustrating a configuration of an
image forming apparatus according to another embodiment

of the present inventive concept;

FIG. 21 1s a flowchart 1llustrating a method of controlling,
the DC motor 150 according to an embodiment of the
present inventive concept;

FIG. 22 1s a flowchart illustrating a method of determining,
an abnormal state of the DC motor 150 according to a first
embodiment of the present inventive concept; and

FIG. 23 1s a flowchart illustrating a method of determining,
an abnormal state of the DC motor 150 according to a
second embodiment of the present inventive concept.

FIG. 24 1s a flowchart illustrating a method of determining,
an abnormal state of the DC motor 150 according to a third
embodiment of the present inventive concept.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Reference will now be made 1n detail to the embodiments
of the present inventive concept, examples of which are
illustrated 1n the accompanying drawings, wherein like
reference numerals refer to the like elements throughout.
The embodiments are described below in order to explain
the present general inventive concept while referring to the
figures.

FIG. 1 1s a diagram illustrating a configuration of an
image forming apparatus according to an embodiment of the
present inventive concept.

Referring to FIG. 1, an 1image forming apparatus 100 may
include a communication interface 110, a user intertace 120,
a memory 130, an engine portion 140, a DC motor 150, a
controller 160, and a motor control apparatus 200.

For example, the image forming apparatus 100 may be an
apparatus which performs generation, printing, reception,
and transmission of image data, and may be a printer, a copy
machine, a facsimile, and a multifunction peripheral (MFP)
in which the functions of the above-described devices are
combined. Although the description of this embodiment of
the present inventive concept suggests that 1t only applies to
an 1mage forming apparatus configured to form an 1mage,
the present inventive concept 1s not limited to such an
embodiment and may also be applied to an 1mage reading
apparatus, such as, for example, a scanner.

The commumnication interface 110 may be connected to a
print control terminal device (not illustrated), such as, for
example, a personal computer (PC), a notebook PC, a
personal digital assistant (PDA), or a digital camera. The
communication interface 110 may be formed to connect the
image forming apparatus 100 to an external device (not
illustrated). For example, the communication interface 110
may connect to a print control terminal device (not illus-
trated) through not only a local area network (LAN) and the
Internet, but also a Universal Serial Bus (USB) port. Further,
the communication interface 110 may be implemented to
connect to the print control terminal device not only through
a wired method, but also through a wireless method.

The communication interface 110 may receive print data
from the print control terminal device (not illustrated).
Further, 1f the 1image forming apparatus 100 has a scanner
function, the communication interface 110 may transmit
generated scan data to the print control terminal device or an
external server (not illustrated).

The user interface 120 may be provided with a plurality
of function keys for a user to set or select various kinds of
functions supported by the 1mage forming apparatus 100,
and may display various kinds of information provided from
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the 1mage forming apparatus 100. The user interface 120
may be implemented by a device through which mput and
output operations may be simultaneously performed, such
as, for example, a touch screen, or through a combination of
input devices, such as, for example, a mouse (or a keyboard
or a plurality of buttons), and a monitor. A user may control
a print operation of the image forming apparatus 100 by
using a user iterface window (not 1llustrated) provided
through the user interface 120.

Further, the user interface 120 may display an operation
state of the 1image forming apparatus 100. For example, the
user interface 120 may display whether a DC motor 150,
which 1s described below, 1s 1n a normal operation state. For
example, if the DC motor 150 1s overloaded or the DC motor
150 has stalled, the user interface 120 may display infor-
mation to the user that corresponds to these states.

The memory 130 may store print data. For example, the
memory 130 may store print data that 1s received through the
communication interface 110. The memory 130 also may
store lookup data to control the DC motor 150. For example,
the lookup data may be a target driving speed table that
corresponds to a control command for the DC motor 150,
and may be a lookup table for voltage control values (e.g.,
a pulse-width modulation (PWM) duty cycle) that corre-
spond to a plurality of sensing voltages Vsense, or a lookup
table for voltage control values (e.g., a PWM duty cycle)
that correspond to a plurality of back electromotive forces
Vemt.

Although the description of this embodiment of the pres-
ent mventive concept suggests that the lookup table may
only be stored 1in the memory 130, the present inventive
concept 1s not limited to such an embodiment. For example,
the lookup table alternatively may be stored in the motor
control apparatus 200, which 1s described below.

The memory 130 may store drive information of the DC
motor 150. For example, the memory 130 may store drive
information that may be transferred from the motor control
apparatus 200. For example, the drnive information may
include information about the driving speed of the DC motor

150, information about whether the DC motor 150 1s driven,
and/or information about whether the DC motor 150 1s 1n a
problematic state.

The memory 130 may be implemented by a storage
medium 1n the mmage forming apparatus 100 or by an
external storage medium, for example, a removable disk
including a USB memory or a web server through a network.

The engine portion 140 may perform image forming. For
example, the engine portion 140 may perform an image
forming job under the control of the controller 160 and may
be mechanically operated by the DC motor 150. Although
the description of this embodiment of the present inventive
concept suggests that the engine portion 140 only may
perform an 1mage forming job, the present inventive concept
1s not limited to such an embodiment. For example, 1f the
image forming apparatus 100 1s a scanner configured to
perform scan work or a multifunction peripheral, the engine
portion 140 may be configured to perform an image reading
10b.

The DC motor 150, which may be provided, for example,
inside the image forming apparatus 100, may operate at
constant speed or may accelerate 1n accordance with a level
of mput current. For example, the DC motor 150 may be a
motor configured to perform various functions of the image
forming apparatus 100, such as, for example, organic pho-
tosensitive drum (OPC) driving, fuser driving, and sheet
conveyance.
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The motor control apparatus 200 may generate a driving,
signal (e.g., a driving voltage) for the DC motor 150 1n
accordance with a control command. A detailed configura-
tion and operation of the motor control apparatus 200 1s
described below with reference to FIG. 2.

The motor control apparatus 200 may measure a voltage
across a resistor (hereinafter referred to as a “sensing resis-
tor””) connected 1n series to the DC motor 150, may calculate
the driving speed of the DC motor 150 through calculation
of the back EMF of the DC motor 150 1n accordance with
the measured voltage, and may provide the calculated driv-
ing speed of the DC motor 150 to the controller 160 as drive
information. A method of measuring the drive imnformation
of the motor control apparatus 200 1s described below with
reference to FIG. 2.

The controller 160 may control respective configurations
of the 1image forming apparatus 100. For example, 11 print
data 1s received from a print control terminal device (not
illustrated), the controller 160 may control the operation of
the engine portion 140 to print the received print data, and
may transmit a control command for the DC motor 150 to
the motor control apparatus 200 to mechanically operate the
engine portion 140. For example, the controller 160 may
transmit a control command, such as a start/stop of a rotation
of the DC motor 150, an acceleration/deceleration command
tor the DC motor 150, and/or a speed command value for the
DC motor 150, to the motor control apparatus 200. Although
the description of this embodiment of the present inventive
concept suggests that only the controller 160 may transmit
the control command for the DC motor 150, the present
iventive concept 1s not limited to such an embodiment. For
example, alternatively, the engine portion 140 may transmit
the control command.

The controller 160 may receive load mformation of the
DC motor 150 from the motor control apparatus 200, and
may determine whether the DC motor 150 1s 1n a normal
operation state based on the received load mnformation. For
example, 11 1t 1s determined that the DC motor 150 1s in an
abnormal operation state, the controller 160 may control the
user interface 120 to display a warning message. Although
the description of this embodiment of the present inventive
concept suggests that only the controller 160 may determine
whether the DC motor 150 1s 1n a normal operation state, the
present mnventive concept 1s not limited to such an embodi-
ment. For example, alternatively, the motor control appara-
tus 200 may determine whether the DC motor 150 1s 1n a
normal operation state, and 1f the DC motor 150 1s 1n an
abnormal operation state, the motor control apparatus 200
may cause a message about this state to be sent to the
controller 160. A method of determining whether the DC
motor 150 1s 1n a normal operation state 1s described below
with reference to FIGS. 16 and 17.

As described above, the 1image forming apparatus 100
according to this embodiment of the present nventive
concept may calculate the driving speed of the DC motor
150 using a sensing resistor 214 (see FIGS. 5, 6, 9, 10, and
13-15) to sense current that flows through the DC motor 150,
and may control the DC motor 150 1n accordance with the
calculated driving speed. In this case, since 1t 15 not neces-
sary to use a sensor to measure the speed, the manufacturing
cost of the image forming apparatus 100 may be reduced.
Further, since 1t 1s not necessary to provide a space to
accommodate such a sensor, the space used for a mechanical
portion of the image forming apparatus 100 may be reduced.

Further, the image forming apparatus 100 according to
this embodiment of the present mventive concept may be
provided with the drive information of the DC motor 150,
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and thus may quantitatively calculate the driving speed of
the DC motor 150. Further, according to this embodiment of
the present inventive concept, the image forming apparatus
100 may determine whether the DC motor 150 1s in a normal
or abnormal operation state based on the load information
about the DC motor 150, and may provide information about
the operation state to a user and/or a manager.

FI1G. 1 illustrates an embodiment of the present inventive
concept in which the DC motor 150 and the motor control
apparatus 200 are separately configured. However, alterna-
tively, the DC motor 150 may be implemented 1n a configu-
ration within the motor control apparatus 200. Below, a
detailed configuration of the motor control apparatus 200 1s
described with reference to FIG. 2.

FIG. 2 1s a diagram illustrating a configuration of an
example of the motor control apparatus 200 illustrated 1n
FIG. 1, and FIG. 3 1s a diagram 1illustrating a detailed
configuration of an example of the motor control apparatus
200 1llustrated in FIG. 1.

Referring to FIGS. 2 and 3, the motor control apparatus
200 according to this embodiment of the present inventive
concept may include a driver 210 and a drive controller 300.
In the illustrated example, that the DC motor 150 1s not
provided within the motor control apparatus 200. However,
the motor control apparatus 200 may be implemented to
include the DC motor 150.

The driver 210 may include the sensing resistor 214 (see
FIGS. §, 6, 9, 10, and 13-15) to measure current that tlows
to the coil of the DC motor 150, and may provide a
predetermined voltage to the DC motor 150. For example,
the driver 210 may provide a DC voltage that corresponds to
a driving signal (e.g., a PWM duty cycle or a control signal)
that may be transferred from the drive controller 300 to the

DC motor 150. A detailed configuration and operation of the
driver 210 1s described below with reference to FIGS. 5 and
6.

The drive controller 300 may receive a control command
from the controller 160, and may control the driving state of
the DC motor 150 via control of the driver 210. For example,
the drive controller 300 may receive a control command for
the DC motor 150 from the controller 160. For example, the
control command may include control commands for a
start/stop of a rotation of the DC motor 150, an acceleration/
deceleration command for the DC motor 150, and/or a speed
command value for the DC motor 150.

The above-described control command may be recerved
from the controller 160 through a Serial Peripheral Interface
(SPI) (not illustrated), which 1s an interface that enables two
devices to exchange data through serial communication,
and/or through a serial communication interface, such as, for
example, an Inter-Integrated Circuit (I°C), which is a bidi-
rectional serial bus used to attach low-speed peripherals.

The drive controller 300 may generate a driving signal for
the DC motor 150 according to the received control com-
mand. For example, the drive controller 300 may generate a
driving signal (e.g., a PWM duty cycle) that corresponds to
the control command.

In this case, the drive controller 300 may calculate the
driving speed of the DC motor 150 through a measurement
of the voltage value of the sensing resistor 214 (see FIGS.
5,6,9,10, and 13-15) that 1s connected to the DC motor 150,
and may perform feedback control with respect to the
driving signal based on the calculated driving speed. Such an
operation 1s described below with reference to FIG. 4.

The drive controller 300 may provide the measured
driving speed to the controller 160. Further, the drive
controller 300 may determine whether the DC motor 150 1s
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in a normal operation state through comparison of the
measured driving speed with pre-stored information about
speed during normal operation. The operation of the drnive
controller 300 1s described below with reference to FIGS. 16
and 17.

As described above, the motor control apparatus 200
according to this embodiment of the present inventive
concept may sense the driving speed of the DC motor 150
using the sensing resistor 214 that 1s connected in series to
the DC motor 150 without using a separate sensor, and may
perform a feedback control operation of the DC motor 150
according to the sensed driving speed. Further, the motor
control apparatus 200 may monitor a change of the speed of
the DC motor 150 1n real time 1n a set operation state, and
may quantitatively calculate the change of the speed. Fur-
ther, the motor control apparatus 200 may determine a
normal or abnormal state according to a state of the change
of the speed, and 1f an abnormal load state 1s sensed, the
motor control apparatus 200 may be notified about the
normal state and/or may perform a feedback control opera-
tion.

Although the description of this embodiment of the pres-
ent mventive concept with reference to FIGS. 2 and 3
suggests that one motor control apparatus 200 controls only
one DC motor 150, the present mventive concept 1s not
limited to such an embodiment. For example, as illustrated
in FIG. 20, one motor control apparatus 200" may be
configured to control two or more DC motors 150-1, 150-2,
150-3, and 150-4, or one motor control apparatus 200 may
be configured to control a brushless DC electric (BLDC)
motor (not illustrated) and/or a step motor (not illustrated),
which are different types of DC motors, while controlling
the DC motor 150.

Further, although 1n the description of this embodiment of
the present mventive concept with reference to FIGS. 2 and
3 the driver 210 and the drive controller 300 are separately
configured, the present inventive concept 1s not limited to
such an embodiment. For example, alternatively, the driver
210 and the drive controller 300 may be configured within
a common unit.

FIG. 4 1s a diagram 1illustrating a detailed configuration of
an example of the drive controller 300 illustrated in FIG. 2.

Reterring to FIG. 4, the drive controller 300 may include
a sensor 310, a calculator 320, a determinator 330, and an
outputter 340.

The sensor 310 may sense a voltage value of the sensing
resistor 214 (see F1GS. 5, 6,9, 10, and 13-15). For example,

the sensor 310 may sense the voltage value of the sensing
resistor 214 of the driver 210. In this case, the sensor 310
may output a representation of the sensed voltage value of
the sensing resistor 214 as the measured value. For example,

the sensor 310 may include a low pass filter 311 (see FIGS.

5, 6,9, 10, and 13-15) connected to one terminal of the
sensing resistor 214, and may provide an output voltage of
the low pass filter as the sensed voltage value Vsense. For
example, the DC motor 150 may receirve an mput of DC
power that 1s generated by a PWM signal, and thus the
measured voltage of the sensing resistor 214 may contain
large amounts of noise. Accordingly, in this embodiment of
the present inventive concept, the voltage value of the
sensing resistor 214 may be sensed using the low pass filter
311 (see FIGS. 5, 6, 9, 10, and 13-15). Although the
description of this embodiment of the present inventive
concept suggests that the voltage of the sensing resistor 214
only may be sensed using the low pass filter, the present
inventive concept 1s not limited to such an embodiment. For
example, alternatively, any other element that may remove
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noise, such as an integrator and/or a charge pump, may be
used to sense the voltage of the sensing resistor 214.

The calculator 320 may calculate a back EMF of the DC

motor 150 based on the sensed voltage value Vsense (e.g.,
the DC voltage of the sensing resistor 214 heremafter
referred to as a “sensed voltage value”). For example, the
calculator 320 may calculate the back EMF of the DC motor
150 based on the sensed voltage value that 1s output from the
sensor 310 and the DC voltage value that 1s applied to the

DC motor 150. In this case, the calculator 320 may calculate
the back EMF of the DC motor 150 based on Equation 4

below. In this case, the calculator 320 may output the
calculated back EMF as a voltage value Vemi, and this
voltage value may be used as a factor that indicates the
driving speed of the DC motor 150. Heremafter, the output
voltage value Vemi may be referred to as a “speed voltage
value.”

The calculator 320 may calculate the driving speed of the
DC motor 150 based on the sensed back EMF. For example,
the calculator 320 may calculate the driving speed of the DC
motor 150 using the back EMF Vemt calculated as described
above and a back EMF constant. In this case, the calculator
320 may calculate the driving speed of the DC motor 150
based on Equation 4. The back EMF constant may be a slope
of the back EMF of the motor with respect to the motor
speed. Motors of the same type may have the same constant
value.

The determinator 330 may generate the driving signal
(e.g., a PWM duty cycle) that corresponds to the control
command. In this case, the determinator 330 may perform
teedback control with respect to the driving signal using the
driving speed that i1s calculated by the calculator 320. For
example, the determinator 330 may determine a speed error
value based on the calculated driving speed, and may
determine the PWM duty cycle that corresponds to the level
of the DC voltage to be supplied to the DC motor 150 based
on the determined speed error value. In this case, the
determinator 330 may determine an accumulated speed error
value through accumulation of speed error values for a
predetermined period of time, and may determine the PWM
duty cycle based on the determined accumulated speed error
value.

Alternatively, the determinator 330 may compare the
driving speed that 1s calculated by the calculator 320 with a
target driving speed without calculating the speed error
value, and 11 the calculated driving speed 1s higher than the
target dniving speed, the determinator 330 may output a
control signal to reduce the PWM duty cycle that corre-
sponds to the level of the DC voltage to be supplied to the
DC motor 150. However, 11 the calculated driving speed 1s
lower than the target driving speed, the determinator 330
may output a control signal to increase the PWM duty cycle
that corresponds to the level of the DC voltage to be supplied
to the DC motor 150.

The determinator 330 may be implemented, for example,
in hardware or software. An example of a determinator 330
that 1s implemented 1n software 1s described below with
reference to FIGS. 9 to 11, and an example of a determinator
330 that 1s implemented 1n hardware 1s described below with
reterence to FIGS. 13 to 15.

The outputter 340 may output a control value (e.g., a
PWM duty cycle) that corresponds to the determined voltage
level to the driver 210. Although the description of this
embodiment of the present inventive concept suggests that
the determinator 330 and the outputter 340 are separately
configured, the present inventive concept 1s not limited to
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such an embodiment. For example, the determinator 330 and
the outputter 340 may be configured within a common unat.

As described above, the drive controller 300 according to
this embodiment of the present inventive concept may sense
the drniving speed of the DC motor 150 without using a
separate sensor. For example, only the configurations of the
sensor 310 and the calculator 320 may be used as a speed
sensing device of the DC motor 150.

FIG. 4 1llustrates that the drive controller 300 may be
implemented 1n a plurality of configurations. For example, at
least two of the elements illustrated in FIG. 4 may be
configured within a common unit. For example, the sensor
310 and the calculator 320 may be implemented 1n a load
sensing device as described above, and the determinator 330
and the outputter 340 may also be configured within a
common unit. Alternatively, for example, the calculator 320,
the determinator 330, and the outputter 340 may be 1mple-
mented 1 one application-specific integrated circuit (ASIC)
chup. That 1s, in an embodiment of the present inventive
concept, only the sensor 310 may be implemented in a
hardware configuration, and the remaiming elements may be
configured to operate 1n software within a common unit.

Additionally, 1n a configuration, for example, the sensor
310, the calculator 320, the determinator 330, and the
outputter 340 may be implemented 1n an ASIC chip that has
an analog-to-digital converter (ADC) (not 1llustrated).

FIGS. 5 and 6 are diagrams illustrating a detailed con-
figuration of an example of the driver 210 illustrated 1n FIG.
2.

Referring to FIGS. 3, 5, and 6, the driver 210 may include
a PWM signal generator 211, a motor driver 213, and the
sensing resistor 214,

The PWM signal generator 211 may generate a PWM
signal according to the PWM duty cycle that 1s provided
from the drive controller 300. For example, PWM signal
generator 211 may be a commercial itegrated circuit (I1C)
that generates the PWM signal according to the provided
PWM duty cycle.

The motor driver 213 may provide a DC voltage that
corresponds to the PWM signal to the DC motor 150. For
example, the motor driver 213 may comprise a switch 215
(see FIGS. 9, 10, and 13-15), which may be turned on/off
according to the PWM signal that may be provided from the
PWM signal generator 221 so that a voltage of a predeter-
mined level may be provided to the DC motor 150.

The sensing resistor 214 may be a resistor configured to
measure current that flows to a coil 151 of the DC motor
150. For example, one end of the sensing resistor 214 may
be connected to one terminal of the coil 151, and the other
terminal of the sensing resistor 214 may be connected to
ground. For example, the voltage value of the sensing
resistor 214 may be a value that represents a change of
current that flows to the coil 151 of the DC motor 150, and
the drive controller 300 may measure the voltage at one
terminal of the sensing resistor 214 and may use the mea-
sured voltage for teedback control.

Alternatively, the motor driver 213 may provide the
voltage to the DC motor 150 according to the provided
PWM signal, and the DC motor 150 may be driven by the
level of the voltage, which may correspond to the duty cycle
of the PWM signal. For example, as 1llustrated 1n a view (a)
of FIG. 6, the voltage value of the sensing resistor 214,
which may represent the change of current that flows to the
DC motor 150, may exhibit repeated rising and chopping
operations.

As described above, during the operation of the driver
210, the sensor 310 may sense the voltage value of the
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sensing resistor 214. For example, the sensor 310 may
include the low pass filter 311, which may perform smooth-
ing of the voltage value of the sensing resistor 214 to output
the voltage value as a DC voltage value as illustrated at a
view (b) of FIG. 6.

In this embodiment of the present inventive concept, the
low pass filter 311 may be configured using a resistor RS 312
and a capacitor C1 313. Alternatively, for example, the low
pass filter 311 may be configured using an inductor (not
illustrated) and a capacitor (not illustrated), and may be
implemented as an N-th order low pass filter that 1s equal to
or higher than the second order. Alternatively, for example,
the low pass filter 311 may be configured as an active filter
(c.g., an 1ntegrator) and may be implemented using an
operational amplifier (OP-amp).

Below, the reason why the sensed voltage value may be
used as a value that represents the driving speed of the DC
motor 150 1s explained with reference to FIGS. 7 and 8.

FIGS. 7 and 8 are graphs illustrating a relationship
between torque and rotations per minute (RPM) with respect
to mput current of the DC motor 150.

FI1G. 7 illustrates that an input current I and a torque T are
linearly proportional to each other, and that the torque T and
RPMN are inversely proportional to each other. Addition-
ally, F1G. 8 illustrates that as the voltage that 1s mput to the
DC motor 150 1s increased under a constant load, the
maximum speed changes linearly.

As described above, using the torque T, the RPM N, and
the input current I, one of skill 1n the art understands that the
speed N of the DC motor 150 1s inversely proportional to the
level of the mput current I.

That 1s, the DC motor 150 may generate a back EMF
Vemti in proportion to the speed N of the DC motor 150, and
the back EMF of the DC motor 150 may be used as a value
that represents the driving speed of the DC motor 150.

The relationship between the speed N of the DC motor
150 and the generated back EMF Vemt is inherent to each
DC motor 150 and 1s referred to as a “back EMF constant.”
The unit of the back EMF constant may be expressed as
V/RPM.

One of skill 1n the art understands that 1t 1s diflicult to
directly measure the back EMF Vemt of the DC motor 150.
However, as illustrated in FIGS. 5 and 6, because the DC
motor 150 and the sensing resistor 214 are connected in
series to each other, the back EMF Vemt of the DC motor
150 may be calculated using Kirchhoil’s Voltage Law.

Vin=I* (R, +R)+V [Equation 1]

In Equation 1, Vin denotes a voltage that 1s input to the
DC motor 150, I denotes current that flows into the DC
motor 150, Vemt denotes the back EMF of the DC motor
150, Rm denotes a value of a resistance Rm 153 of the DC

motor 150, and Rs denotes a resistance value of the sensing
resistor 214.

Equation 1 may be expressed in terms of back EMF as in
Equation 2 below.

Vemi=Vin—(Rm+Rs)*I [Equation 2]

Further, mnput current I may be expressed in terms of
sensing voltage value Vsense as in Equation 3 below.

v f:Pffn_((Rm+Rs)/Rs)$I$Rs

&VH

Vo™ Vin= (R +RR)*V.

Sense

Further, 1t the resistance value Rm 153 of the DC motor
150 and the resistance value of the sensing resistor are

known wvalues, the back EMF Vemt of the DC motor 150

[Equation 3]
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may be calculated by determining the motor mnput voltage
Vin and the sensed voltage Vsense. The motor speed N may
be calculated as 1n Equation 4 below.

MotorSpeed=V_,, /BackEMFConstant

In Equation 4, BackEMFConstant denotes the back EMF
constant.

FIG. 9 1s a diagram 1llustrating a configuration of a motor
control apparatus 200' according to a first embodiment of the
present inventive concept, and FIG. 10 1s a schematic
diagram 1llustrating the motor control apparatus 200" accord-
ing to the first embodiment of the present inventive concept.
The drive controller 300 according to the first embodiment
of the present inventive concept may use soltware to cal-
culate a PWM duty cycle that corresponds to the speed N of
the DC motor 150.

Referring to FIGS. 9 and 10, the motor control apparatus
200" may include the DC motor 150, the driver 210, and a
drive controller 300'. Because the DC motor 150 and the
driver 210 are described above, a detailed explanation of
them 1s omitted 1n the explanation of the first embodiment of
the present inventive concept.

The drive controller 300" may 1nclude the sensor 310, an
amplifier 321, and a firmware unit 323.

The sensor 310 may sense a voltage value of the sensing
resistor 214, and may output a representation of the sensed
voltage value of the sensing resistor 214 as the sensed
voltage value Vsense. For example, the sensor 310 may
include the second-order low pass filter 311 that may com-
prise the resistor RS 312 and the capacitor C1 313. Although
the description of this embodiment of the present inventive
concept suggests that the sensor 310 may only be 1mple-
mented by the second-order low pass filter 311, the present
inventive concept 1s not limited to such an embodiment. For
example, the sensor 310 may be implemented by a first-
order low pass filter or a third or more-order low pass filter.
Further, the sensor 310 may be implemented by an integrator
in addition to a low pass filter.

r

The amplifier 321 may output a representation of the back
EMF Vemt of the DC motor 150 based on the sensed voltage
value Vsense of the sensing resistor 214. For example, the
amplifier 321 may receive an mput of the voltage Vin that 1s
input to the DC motor 150 and the value Vsense that is
sensed by the sensor 310, and may output a difference
between the voltage Vin that 1s mput to the DC motor 150
and a product of the value Vsense that 1s sensed by the
sensor 310 multiplied by a gain (Gain).

For example, the gain may be defined as (Rm+Rs)/Rs. In
order to increase control resolution, 1t 1s preferable that
Vsense*(Gain has a value i a range as wide as possible
below a power level of a control logic. If the maximum
output value of the amplifier 321 exceeds an upper limait
value of the output of the amplifier 321 as 1llustrated 1n a
view (b) of FIG. 12, 1t may become impossible to maintain
control. Accordingly, the maximum output value of the
amplifier 321 may be set to be less than the upper limit value
of the output of the amplifier 321.

The firmware unit 323 may calculate and may output the
PWM duty cycle according to the calculated back EMF
Vemi of the DC motor 150. For example, the firmware unit
323 may calculate the driving speed N of the DC motor 150
based on the voltage Vemt that 1s output from the amplifier
321. In this case, the firmware unit 323 may calculate the
driving speed N of the DC motor 150 based on Equation 4.

Further, the firmware unit 323 may generate and may
output the driving signal (e.g., a PWM duty cycle) that
corresponds to the control command. In this case, the

[Equation 4]
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firmware unit 323 may perform feedback control with
respect to the driving signal using the calculated driving
speed N. For example, the firmware unit 323 may determine
a speed error value based on the calculated driving speed N,
and may determine the PWM duty cycle that corresponds to
the level of the DC voltage to be supplied to the DC motor
150 based on the determined speed error value. In this case,
the firmware unit 323 may determine an accumulated speed
error value through accumulation of speed error values for

a predetermined period of time, and may determine the
PWM duty cycle based on the determined accumulated

speed error value. A detailed operation of the firmware unit
323 is described below with reference to FIG. 11.

Alternatively, the firmware unit 323 may compare the
driving speed N that 1s calculated by the calculator 320 with
a target driving speed without calculating the speed error
value, and 11 the calculated driving speed 1s higher than the
target driving speed, the firmware unit 323 may output a
control signal to reduce the PWM duty cycle that corre-
sponds to the level of the DC voltage to be supplied to the
DC motor 150. However, 11 the calculated driving speed 1s
lower than the target driving speed, the firmware unit 323
may output a control signal to increase the PWM duty cycle
that corresponds to the level of the DC voltage to be supplied
to the DC motor 150.

FIG. 11 1s a tlowchart illustrating an example of an
operation of the firmware unit 323 illustrated 1n FIG. 9.

Referring to FIG. 11, the firmware unit 323 may receive
information about the target speed (51105). For example, the
target speed may be received from the controller 160 of the
image forming apparatus 100.

The firmware unit 323 may initialize the motor control
apparatus 200 (581110). For example, the firmware unit 323
may set parameters for motor control, and may 1nmitialize a
control variable.

Then, the firmware umit 323 may set an 1initial value of the
speed error value (S1115). For example, the firmware unit
323 may improve a motor start time, and may set the speed
error value to a predetermined initial value to shorten an
acceleration time.

Then, the firmware unit 323 may sense the output voltage
value of the amplifier 321 (81120), and may perform data
filtering with respect to the sensed value (S1125).

Then, the firmware unit 323 may calculate the driving
speed of the DC motor 150 (S1130). For example, the
firmware unit 323 may calculate the back EMF Vemt of the
DC motor 150 using a difference between the output voltage
value of the amplifier 321 and the DC voltage Vin that 1s
provided to the DC motor 150, and may calculate the driving,
speed N of the DC motor 150 based on the calculated back
EMF Vemt of the DC motor 150.

The firmware unit 323 may perform feedback control
based on the calculated driving speed N (S1135). For
example, the firmware unit 323 may calculate the difference
between the calculated driving speed N and the target speed.
In an implementation, the firmware unit 323 may use the
accumulated speed error value that may be obtained by
accumulating the speed differences for a predetermined
period of time.

Then, the firmware unit 323 may adjust the PWM duty
cycle using the calculated speed error value (5S1140). For
example, the firmware unit 323 may adjust the PWM duty
cycle to follow the target speed using the calculated speed
error value or accumulated speed error value.

Then, the firmware unit 323 may sense 11 the DC motor
150 1s in an abnormal state (S1145). For example, the
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firmware unit 323 may determine if there 1s a problem with
the DC motor 150 based on the sensed output voltage value
of the amplifier 321.

If a problem 1s sensed, the firmware unit 323 may stop the
driving of the DC motor 150 (S1150). In this case, for
example, the firmware unit 323 may provide information
about the problem to the controller 160 of the image forming
apparatus 100.

FIG. 13 1s a diagram 1illustrating a configuration of a
motor control apparatus 200" according to a second embodi-
ment of the present inventive concept, FIG. 14 15 a diagram
illustrating an example of an operation of the motor control
apparatus 200" according to the second embodiment of the
present inventive concept, and FIG. 15 1s a schematic
diagram 1llustrating the motor control apparatus 200"
according to the second embodiment of the present inventive
concept. The motor control apparatus 200" according to the
second embodiment of the present inventive concept may
use hardware to calculate the PWM duty cycle that corre-
sponds to the speed N of the DC motor 150.

Referring to FIGS. 13, 14, and 15, the motor control
apparatus 200" may include the DC motor 150, the driver
210, and a drive controller 300". Because the DC motor 150
and the driver 210 are described above, a detailed explana-
tion of them 1s omitted in the explanation of the second
embodiment of the present inventive concept.

The drive controller 300" may include the sensor 310, the
first amplifier 321, a second amplifier 326, a subtractor 325,
and a comparator 335. Because the sensor 310 and the first
amplifier 321 are the same as those of the motor control
apparatus 200' according to the first embodiment of the
present inventive concept, duplicate repeated explanation of
them 1s omitted in the explanation of the second embodi-
ment of the present inventive concept.

The second amplifier 326 may modulate a voltage that 1s
provided to the DC motor 150. For example, the second
amplifier 326 may amplity the level of the DC voltage that
1s output from the driver 210 with a predetermined ratio and
may output the amplified DC voltage to the subtractor 325.

The subtractor 325 may output a difference between an
output of the first amplifier 321 and an output of the second
amplifier 326. For example, the subtractor 325 may be
configured to output the back EMF of the DC motor 150 and
may subtract the output of the first amplifier 321 from the
output of the second amplifier 3235 to output the subtracted
output.

The comparator 335 may compare the output of the
subtractor 325 with a comparison voltage, and may output a
result of the comparison. For example, the comparator 335
may output, as a voltage value, the diflerence between the
back EMF of the DC motor 150 with a target voltage Vcemd.
The voltage value that may be output from the comparator
335 may be the driving signal (e.g., the PWM signal) with
respect to the driver 210.

FIGS. 16 and 17 are graphs 1illustrating an example of a
method of determining an abnormal state of the DC motor

150.

Reterring to FIG. 16, 1f the measured back EMF of the DC
motor 150 1s lower than a first predetermined level, 1t may
be determined that the DC motor 150 1s not rotating. For
example, 11 the measured back EMF of the DC motor 150 1s
kept lower than the first predetermined level, 1t may be
determined that current 1s not flowing to the DC motor 150,
or, alternatively, that the current leaks.

If the measured back EMF of the DC motor 150 1s kept
at a second predetermined level, 1t may be determined that
the DC motor 150 1s overloaded.




US 9,503,002 B2

17

Referring to FIG. 17, 1t the PWM duty cycle 1s kept at
100%, then the DC motor 150 may be unable to follow the
target speed even though the maximum voltage 1s supplied
to the DC motor 150, and thus 1t may be determined that the
DC motor 150 has stalled. Accordingly, if the sensed speed 5
does not reach the target speed even though the PWM duty
cycle 1s kept 100%, the drive controller 300 may determine
that the DC motor 150 has stalled and stop driving the DC
motor 150.

FI1G. 18 1s a graph illustrating a speed performance of the 10
DC motor 150 for a load variation according to a control
method of the related art, and FIG. 19 1s a graph 1llustrating,
the speed performance of the DC motor 150 using a speed
estimation method according to an embodiment of the
present mventive concept. 15

Referring to FIG. 18, 1n a case of an open-loop control
method of the related art, 11 the load 1s varied, 1t may be
confirmed that an actual speed Bemi RPM of the DC motor
150 1s unable to follow a target speed Target RPM. For
example, 11 the load level 1s 1 a section (e.g., 150 gf or 200 20
o) other than 100 gf, it may be confirmed that the DC motor
150 1s driven at a speed that 1s lower than the target speed.

However, referring to FI1G. 19, which 1llustrates the speed
performance of the DC motor 150 according to an embodi-
ment of the present inventive concept, 1t may be confirmed 25
that the DC motor 150 speed follows the target speed.

FIG. 20 1s a diagram 1illustrating a configuration of an
image forming apparatus 100' according to another embodi-
ment of the present inventive concept. In FIG. 20, elements
that perform the same functions as the configuration illus- 30
trated 1n FIG. 1 are omatted.

Referring to FIG. 20, the image forming apparatus 100’
may include a plurality of DC motors 150-1, 150-2, 150-3,
and 150-4 and a motor control apparatus 200",

The motor control apparatus 200" may control the plu- 35
rality of DC motors 150-1, 150-2, 150-3, and 150-4. For
example, the motor control apparatus 200" may include a
plurality of drivers (not illustrated) and one drive controller
(not illustrated).

The motor control apparatus 200™ may receive control 40
commands for the plurality of DC motors 150-1, 150-2,
150-3, and 150-4, may measure respective driving speeds of
the plurality of DC motors 150-1, 150-2, 150-3, and 150-4,
and may control the plurality of dnivers so that a voltage of
cach respective driver 1s at a level that corresponds to the 45
measured respective driving speed.

Although the description of this embodiment of the pres-
ent inventive concept suggests that the motor control appa-
ratus 200" controls only four identical DC motors 150-1,
150-2, 150-3, and 150-4, the present inventive concept 1s not 50
limited to such an embodiment. For example, the motor
control apparatus 200" may be configured to control a
brushless DC electric motor (BLDC) motor (not 1llustrated)
and/or a step motor (not illustrated), while generating the
driving signals for the DC motors 150-1, 150-2, 150-3, and 55
150-4.

FIG. 21 1s a flowchart 1llustrating a method of controlling,
the DC motor 150 according to an embodiment of the
present mventive concept.

Referring to FIG. 21, a control command for the DC 60
motor 150 may be recerved (S2110). For example, the
control command may include control commands, such as a
start/stop of a rotation of the plurality of DC motor 150, an
acceleration/deceleration command for the DC motor 150,
and/or a speed command value for the DC motor 150. The 65
control command may be control commands for the plurality

of DC motors 150-1, 150-2, 150-3, and 150-4.
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Then, a voltage of a predetermined level may be provided
to the DC motor 150 according to the control command
(S2120). For example, 11 the control command i1s a rotation
start command, a predetermined 1mitial DC voltage (e.g., a
PWM wavelorm voltage) may be provided to the DC motor
150.

Further, the operating speed of the DC motor 150 may be
sensed using the voltage value of the resistor 214 that
measures current that flows through the coil 151 of the DC
motor 150 (52130). Since the method of sensing the oper-
ating speed of the DC motor 150 has been described with
reference to FIGS. 7 and 8, repeated explanation of this
method 1s omitted.

Then, feedback control may be performed to supply the
voltage that corresponds to the sensed load level (52140).
Since the method of varying the constant current according,
to the sensed operating voltage has been described with
reference to FIGS. 7 and 8, repeated explanation of this
method 1s omitted. For example, the PWM duty cycle may
be varied using a value of the diflerence between the sensed
operating speed and the target speed or the value of the
difference value accumulated for a predetermined period of
time.

As described above, according to the DC motor 150
control method according to this embodiment of the present
inventive concept, the driving speed of the DC motor 150
may be calculated using the resistor 214 that senses the
current that flows through the DC motor 150, and the DC
motor 150 may be controlled 1n accordance with the calcu-
lated driving speed. Accordingly, 1t may not be necessary to
use a sensor to measure the speed, and thus the manufac-
turing cost may be reduced. Further, since 1t may not be
necessary to provide a space to accommodate such a sensor,
the space used for a mechanical portion of the image
forming apparatus 100 may be reduced. The DC motor 150
control method as illustrated in FIG. 21 may be performed
by the image forming apparatus 100 that has a configuration,
for example, as illustrated in FIG. 1 or the motor control
apparatus 200 that has a configuration, for example, as
illustrated 1n FIG. 3. Alternatively, the DC motor 150 control
method as 1llustrated 1n FIG. 21 may be performed by an
image forming apparatus or a motor control apparatus that
has a configuration different from the configuration 1illus-
trated, respectively, 1n FIGS. 1 and 3.

FI1G. 22 1s a flowchart illustrating a method of determining
an abnormal state of the DC motor 150 according to a first
embodiment of the present inventive concept.

At an operation S2210, a back EMF of the DC motor 150
1s determined at the controller 300 from a current that flows
through the resistor 214 connected to the DC motor 150.

At an operation S2220, if the determined back EMF 1s less
than a specific level, the controller 300 determines a period
of time at which the determined back EMF has been less
than the specific level.

At an operation S2230, if the period of time 1s greater than
a specific period of time, the controller 300 determines at
least one of that a current does not flow through the DC
motor 150 and that the current that flows through the DC
motor 140 leaks.

FI1G. 23 1s a flowchart illustrating a method of determining
an abnormal state of the DC motor 150 according to a

second embodiment of the present inventive concept.
At an operation S2310, a back EMF of the DC motor 150

1s determined at the controller 300 from a current that tlows

through the resistor 214 connected to the DC motor 150.
At an operation 52320, 1f the determined back EMF 1s

greater than a specific level, the controller 300 determines a
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period of time at which the determined back EMF has been
greater than the specific level.

At an operation S2330, if the period of time 1s greater than
a specific period of time, the controller 300 determines that
the DC motor 150 1s overloaded.

FI1G. 24 1s a flowchart illustrating a method of determining
an abnormal state of the DC motor 150 according to a third
embodiment of the present mventive concept.

At an operation 2410, a pulse-width modulation duty
cycle 1s determined at the controller 300 from a current that
flows through the resistor 214 connected to the DC motor
150.

At an operation 2420, if the determined pulse-width
modulation duty cycle 1s at 100 percent, the controller 300
determines a period of time at which the determined pulse-
width modulation duty cycle has been at 100 percent.

At an operation 2430, 1f the period of time 15 greater than
a specific period of time, the controller 300 determines that
the DC motor 150 has stalled.

Further, the DC motor 150 control method as described
above may be implemented by a program (or application
software) that may include an executable algorithm that may
be executed by a computer, and the program may be stored
and then provided in a computer readable medium. The
computer-readable medium may include a non-transitory
computer-readable recording medium and a computer-read-
able transmission medium.

A non-transitory computer readable medium 1s not a
medium that stores data for a short period, such as a register,
a cache, or a memory, but rather 1s a medium which
semi-permanently stores data and 1s readable by a device.
For example, various applications and programs as
described above may be stored and provided in a non-
transitory computer readable medium, such as, read-only
memory (ROM), random-access memory (RAM), a com-
pact disc (CD), CD-ROMs, magnetic tapes, floppy disks,
optical data storage devices, a digital video disc (DVD), a
hard disc, a Blu-ray disc, a Universal Serial Bus (USB)
memory device, and a memory card. The non-transitory
computer-readable recording medium may also be distrib-
uted over network coupled computer systems so that the
computer-readable code 1s stored and executed 1n a distrib-
uted fashion. The computer-readable transmission medium
may be transmitted through carrier waves or signals (e.g.,
wired or wireless data transmission through the Internet).
Also, functional programs, codes, and code segments to
accomplish the present general inventive concept may be
casily construed by programmers skilled in the art to which
the present general inventive concept pertains.

Although a few embodiments of the present general
inventive concept have been shown and described, 1t will be
appreciated by those skilled 1in the art that changes may be
made 1n these embodiments without departing from the
principles and spirit of the general inventive concept, the
scope of which 1s defined 1n the appended claims and their
equivalents.

What 1s claimed 1s:

1. An 1mage forming apparatus, comprising;:

an engine portion configured to perform 1mage forming;

a direct current (DC) motor configured to mechanically
operate the engine portion;

a driver including a resistor to measure current that flows
to the DC motor and configured to provide a predeter-
mined voltage to the DC motor according to the mea-
sured current; and

a drive controller configured to measure a driving speed
of the DC motor based on a voltage value of the
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resistor, to calculate a pulse-width modulation (PWM)

duty cycle that corresponds to the diving speed mea-

sured by the drive controller, and to control the driver
to provide a voltage that corresponds to the calculated

PWM duty cycle,
wherein the drive controller comprises:

a sensor configured to sense the voltage value of the

resistor,

a calculator configured to calculate the driving speed of
the DC motor based on the sensed voltage value of
the resistor,

a determinator configured to determine a level of DC
voltage to be supplied to the DC motor based on the
calculated driving speed, and

an outputter configured to output a control value that
corresponds to the determined level of the DC volt-
age to be supplied to the DC motor, and

wherein the calculator comprises an amplifier configured
to amplily the sensed voltage value, and to calculate the
driving speed of the DC motor based on the sensed
voltage value that 1s amplified by the amplifier.

2. The image forming apparatus as claimed 1n claim 1,
wherein the sensor 1s configured to perform smoothing and
to sense the voltage value of the resistor.

3. The image forming apparatus as claimed 1n claim 2,
wherein the sensor comprises a low pass filter connected to
one terminal of the resistor of the driver, and 1s configured
to sense an output voltage of the low pass filter as the voltage
value of the resistor.

4. The image forming apparatus as claimed 1n claim 1,
wherein the calculator 1s configured to calculate the driving
speed of the DC motor based on the sensed voltage value
and the voltage value that 1s applied to the DC motor.

5. The image forming apparatus as claimed 1n claim 1,
wherein the drive controller 1s configured to sense whether
the DC motor 1s in an abnormal state based on the calculated
PWM duty cycle.

6. The image forming apparatus as claimed in claim 1,
wherein the DC motor 1s a plurality of DC motors and the
driver 1s a plurality of drivers, and

the drive controller 1s configured to control each of the
plurality of drivers to measure a respective driving
speed ol a corresponding one of the plurality of DC
motors and to provide a respective driving voltage to
the corresponding one of the plurality of DC motors
that corresponds to the respective driving speed.

7. An 1mage forming apparatus, comprising:

an engine portion configured to perform image forming;

a direct current (DC) motor configured to mechanically
operate the engine portion;

a driver including a resistor to measure current that flows
to the DC motor and configured to provide a predeter-
mined voltage to the DC motor according to the mea-
sured current; and

a drive controller configured to measure a driving speed
of the DC motor based on a voltage value of the
resistor, to calculate a pulse-width modulation (PWM)
duty cycle that corresponds to the driving speed mea-
sured by the drive controller, and to control the drive to
provide a voltage that corresponds to the calculated
PWM duty cycle,

wherein the drive controller comprises:

a sensor configured to sense the voltage value of the
resistor,

a calculator configured to calculate the driving speed of

the DC motor based on the sensed voltage value of
the resistor,
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a determinator configured to determine a level of DC
voltage to be supplied to the DC motor based on the
calculated driving speed, and

an outputter configured to output a control value that
corresponds to the determined level of the DC volt-
age to be supplied to the DC motor, and

wherein the calculator 1s configured to calculate a back
EMF of the DC motor based on a following equation,
and to calculate the driving speed of the DC motor
using the calculated back EMF and a back EMF

constant,

Vemf=Vin—-{(Rm+Rs)/Rs } *Vsense

where, Vemi denotes the voltage value that corresponds to
the calculated driving speed, Vin denotes the voltage
value mput to the DC motor, Vsense denotes the
voltage value of the resistor, Rm denotes the resistance
value of the DC motor, and Rs denotes the resistance
value of the resistor.

8. An 1image forming apparatus, comprising:

an engine portion configured to perform 1mage forming;

a direct current (DC) motor configured to mechanically
operate the engine portion;

a driver including a resistor to measure current that flows
to the DC motor and configured to provide a predeter-
mined voltage to the DC motor according to the mea-
sure current; and

a drive controller configured to measure a driving speed
of the DC motor based on a voltage value of the
resistor, to calculate a pulse-width modulation (PWM)
duty cycle that corresponds to the driving speed mea-
sured by the drive controller, and to control the driver
to provide a voltage that corresponds to the calculated
PWM duty cycle,

wherein the drive controller comprises:

a sensor configured to sense the voltage value of the
resistor,

a calculator configured to calculate the driving speed of
the DC motor based on the sensed voltage value of
the resistor,

a determinator configured to determine a level of DC
voltage to be supplied to the DC motor based on the
calculated driving speed, and

an outputter configured to output a control value that
corresponds to the determined level of the DC volt-
age to be supplied to the DC motor, and

wherein the determinator i1s configured to determine a
speed error value based on the calculated driving speed,
and to determine a pulse-width modulation (PWM)
duty cycle that corresponds to the level of the DC
voltage to be supplied to the DC motor based on the
determined speed error value.

9. An 1mage forming apparatus, comprising:

an engine portion configured to perform image forming;

a direct current (DC) motor configured to mechanically
operate the engine portion;

a driver including a resistor to measure current that flows
to the DC motor and configured to provide a predeter-
mined voltage to the DC motor according to the mea-
sured current;and

a drive controller configured to measure a driving speed
of the DC motor based on a voltage value of the
resistor, to calculate a pulse-width modulation (PWM)
duty cycle that corresponds to the driving speed mea-
sured by the driver controller, and to control the driver
to provide a voltage that corresponds to the calculated

PWM duty cycle,
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wherein the drive controller comprises:

a sensor configured to sense the voltage value of the

resistor,

a calculator configured to calculate the driving speed of
the DC motor based on the sensed voltage value of
the resistor,

a determinator configured to determine a level of DC
voltage to be supplied to the DC motor based on the
calculated driving speed, and

an outputter configured to output a control value that
corresponds to the determined level of the DC volt-
age to be supplied to the DC motor, and

wherein the determinator i1s configured to compare the
calculated driving speed with a target driving speed.,
and 1f the calculated driving speed 1s higher than the
target driving speed, the determinator 1s configured to
output a control signal to reduce a PWM duty cycle that
corresponds to the level of the DC voltage to be
supplied to the DC motor, while 1if the calculated
driving speed 1s lower than the target driving speed, the
determinator 1s configured to output a control signal to
increase the PWM duty cycle.

10. A motor control apparatus, comprising:

a direct current (DC) motor;

a driver including a resistor to measure current that flows
to the DC motor and configured to provide a predeter-
mined voltage to the DC motor according to the mea-
sured current; and

a drive controller configured to measure a driving speed
of the DC motor based on a voltage value of the
resistor, to calculate a pulse-width modulation (PWM)
duty cycle that corresponds to the driving speed mea-
sured by the drive controller, and to control the driver
to provide a voltage that corresponds to the calculated
PWM duty cycle,

wherein the drive controller comprises:

a sensor configured to sense the voltage value of the
resistor,

a calculator configured to calculate the driving speed of
the DC motor based on the sensed voltage value of
the resistor,

a determinator configured to determine a level of the
DC voltage to be supplied to the DC motor based on
the calculated driving speed, and

an outputter configured to output a control value that
corresponds to the determined level of the DC volt-
age to be supplied to the DC motor, and

wherein the calculator 1s configured to calculate a back

EMF of the DC motor based on the sensed voltage

value and the voltage value that 1s applied to the DC

motor, and to calculate the driving speed of the DC

motor using the calculated back EMF and a back EMF
constant.

11. The motor control apparatus as claimed in claim 10,

wherein the sensor 1s configured to perform smoothing and
to sense the voltage value of the resistor.

12. The motor control apparatus as claimed in claim 10,

wherein the drive controller 1s configured to sense whether

the DC motor 1s 1n an abnormal state based on the calculated
PWM duty cycle.

13. A motor control apparatus, comprising:

a direct current (DC) motor;

a driver including a resistor to measure current that flows
to the DC motor and configured to provide a predeter-
mined voltage to the DC motor according to the mea-
sured current; and
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a drive controller configured to measure a driving speed
of the DC motor based on a voltage value of the
resistor, to calculate a pulse-width modulation (PWM)
duty cycle that corresponds to the driving speed mea-
sured by the drive controller, and to control the driver
to provide a voltage that corresponds to the calculated
PWM duty cycle,

wherein the drive controller comprises:

a sensor configured to sense the voltage value of the
resistor,

a calculator configured to calculate the driving speed of
the DC motor based on the sensed voltage value of
the resistor,

a determinator configured to determine a level of the
DC voltage to be supplied ot the DC motor based on
the calculated driving speed, and

an outputter configured to output a control value that
corresponds to the determined level of the DC volt-
age to be supplied to the DC motor, and

wherein the determinator i1s configured to determine a
speed error value based on the calculated driving speed,
and to determine a pulse-width modulation (PWM)
duty cycle that corresponds to the level of the DC
voltage to be supplied to the DC motor based on the
determined speed error value.

14. The motor control apparatus as claimed 1n claim 13,

wherein the determinator 1s configured to determine an
accumulated speed error value through accumulation of
speed error values, and to determine the PWM duty cycle
based on the determined accumulated speed error value.

15. A motor control apparatus, comprising:

a direct current (DC) motor;

a driver including a resistor to measure current that flow
to the DC motor and configured to provide a predeter-
mined voltage to the DC motor according to the mea-
sured current; and

a drive controller configured to measure a driving speed
of the DC motor based on a voltage value of the
resistor, to calculate a pulse-width modulation (PWM)
duty cycle that corresponds to the driving speed mea-
sured by the drive controller, and to control the driver
to provide a voltage that corresponds to the calculated
PWM duty cycle,

wherein the drive controller comprises:
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a sensor configured to sense the voltage value of the
resistor,

a calculator configured to calculate the driving speed of

the DC motor based on the sensed voltage value of

the resistor,

a determinator configured to determine a level of the
DC voltage to be supplied to the DC motor based on
the calculated driving speed, and

an outputter configured to output a control value that
corresponds to the determined level of the DC volt-
age to be supplied to the DC motor, and

wherein the determinator i1s configured to compare the
calculated driving speed with a target driving speed,
and 11 the calculated driving speed 1s higher than the
target driving speed, the determinator 1s configured to
output a control signal to reduce a PWM duty cycle that
corresponds to the level of the DC voltage to be
supplied to the DC motor, while 1f the calculated
driving speed 1s lower than the target driving speed, the
determinator 1s configured to output a control signal to
increase the PWM duty cycle.

16. A method of controlling a direct current (DC) motor,

comprising:

recetving a control command for the DC motor;

measuring a driving speed of the DC motor based on
current that flows to a coil of the DC motor using a
sensor configured to sense a voltage value of a resistor
used to measure current that tflows to the coil of the DC
motor;

calculating a pulse-width modulation (PWM) duty cycle
that corresponds to the measured driving speed based
on the sensed voltage value of the resistor,

wherein the sensed voltage value of the resistor 1s ampli-
fied by an amplifier, and the calculating of the PWM
duty cycle 1s based on the sensed voltage value that 1s
amplified by the amplifier;

determiming a level of DC voltage to be supplied to the
DC motor based on one or more of the measured
driving speed and the calculated PWM duty cycle; and

providing a voltage having a level that corresponds to one
or more of the calculated PWM duty cycle and the
determined level of the DC voltage to the DC motor 1n
accordance with the control command.
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